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Introduction
In RAN #97e meeting, the work item of NR NCR was set up. The objectives related to RAN1 is listed as below [1].

	Specify the signalling and behavior of the following side control information for controlling the NCR-Fwd [RAN1, RAN2]
· Beamforming
· UL-DL TDD operation
· ON-OFF information
Note: Power control aspect will be checked in RAN#98e.




In this contribution, we provide our views on the signalling and behavior of beamforming, UL-DL TDD operation and ON-OFF information. 

Discussion
1 
2 
The basic assumptions of network-controlled repeater 

In the SI phase of NCR, the basic functions of NCR-MT and NCR-Fwd are defined and captured in the TR 38.876. The details are as below. 

	
Agreement
Capture the following model of network-controlled repeater in TR 38.867.
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· The NCR-MT is defined as a function entity to communicate with a gNB via Control link (C-link) to enable the information exchanges (e.g. side control information). The C-link is based on NR Uu interface.
· Note: Side control information is at least for the control of NCR-Fwd
· The NCR-Fwd is defined as a function entity to perform the amplify-and-forwarding of UL/DL RF signal between gNB and UE via backhaul link and access link. The behavior of the NCR-Fwd will be controlled according to the received side control information from gNB. 

Agreement
Recommend to capture the following examples of the transmission/reception of C-link and backhaul link by NCR in TR 38.867.
· The DL of C-link and DL of backhaul link can be performed simultaneously or in TDM way.
· The UL of C-link and UL of backhaul link can be performed in TDM way
· Note-1: Multiplexing is under the control of gNB with consideration for NCR capability
· Note-2: Simultaneous transmission of the UL of C-link and UL of backhaul link is subject to NCR’s capability




The detailed structure of NCR is illustrated in the Figure 1. The NCR-Fwd part only contains the RF units for amplifying and forwarding. The NCR-MT could take control of the NCR-Fwd and reuse the RF units to receive and transmit the side-control information of gNB. Sharing a same set of RF units between NCR-MT and NCR-Fwd would facilitate the measurement and relieve the effort of the control. 

The side-control information could be sent to NCR-MT from gNB. And the NCR-MT should also send feedbacks to the gNB not only for the acknowledgement of the control information, but also the measurement reports, such as CSI or RSRP, to maintain the backhaul links. The protocol stack of NCR-MT could base on current specification to reduce the additional development efforts. The NCR-MT can reuse the NR UE chipset to improve the cost efficiency, which also benefit the commercialization of NCR. Thus, the protocol stack of NCR-MT should contain not only the physical layer but also the RRC and MAC layer to realize both semi-static configuration and dynamic indications. 
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[bookmark: _Ref110701348]Figure 1 The basic structure of Network-controlled repeater

Proposal 1:
The protocol stacks of the MT part of NCR should contain RRC, MAC and physical layer to support the semi-static configurations and dynamic indications and feedbacks. 

Beamforming 

It was agreed that the signaling and behavior related to beamforming should be specified during the normative phase. 

1. 
2. 
2.1. 
2.2. 
FR1 beam information

	Agreement
At least for FR2, beam information is beneficial and recommended as the side control information for network-controlled repeater to control the behaviour of NCR at least for access link
· FFS: Detailed mechanism of indication.
· Note: There are no supporting evaluation results on FR1 at this point to reach similar conclusion



During the SI phase, Only the beam information in FR2 is recommended. But in the WID, both FR1 and FR2 should be considered for the coverage extension. From our understanding, the beamforming in FR1 is also beneficial for the coverage. The signaling and mechanism of beamforming in FR2 could be reused for FR1 NCR. 

The digital beamforming is used at gNB for FR1. But the NCR cannot decode and regenerate the data for UEs. Then the digital beamforming cannot be used for NCR. Analog beamforming could be used for FR1 NCR as in FR2. The beam indication could be used for NCR in both FR1 and FR2 to steering the beams to the desired direction. 

Proposal 2:
Beamforming should be also supported for FR1 NCR.

Proposal 3：
The same mechanism of beam indication could be reused for FR1 NCR as that of FR2. 

Fixed beams and adaptive beams for C-link and BH link

	Agreement
Both fixed beam and adaptive beam can be considered at NCR for both C-link and backhaul-link.
· FFS: the mechanism for indication and determination of beam.
· Note: Fixed beam refers to the case that beam at NCR for both C-link and backhaul-link cannot be changed.



It was agreed that both fixed and adaptive beam can be considered at NCR for both C-link and backhaul-link. And the fixed beam refers to the case that beam at NCR for both C-link and BH link cannot be changed. From our understanding, the fixed beam represents the traditional deployment of the repeaters where the directional antennas are deployed for the BH link. And the beam of the antenna is manually adjusted pointing to the gNB. When the directional antenna is deployed, it cannot be changed though signaling. Once there is some blockage between the gNB and the repeater, the antenna can only be adjusted manually. 

The adaptive beams, from our understanding, is formed through the analog beamforming at least for FR2. The beam direction could be adjusted by implement different weights or precoders. It can be adjusted by gNB though side control information. Fixed beam and adaptive beam are different schemes. But the gNB should have the knowledge which kind of beam is adopted by NCR. For the fixed BH and C-link beam, no control information is required for gNB. And there is also no specification impact of the fixed beam of BH and C-link. For the adaptive beams, gNB should have the measurement and control to find the most suitable beams. Then a capability information should be reported to gNB to distinguish those two methods. 

[bookmark: _Hlk110701669]Observation 1:
The gNB should be capable of distinguish which mechanism, fixed beams or adaptive beams, is adopted by NCR.

Proposal 4:
Fixed beam or adaptive beam is adopted by NCR can be reported to gNB.

NCR capabilities related to beamforming

In the RAN1#110 meeting, the capabilities of NCR beamforming was discussed but without conclusions. [2] 
	
Updated Proposal 1-3: Following aspect is considered as the NCR capability
· Characteristic of beam at NCR-Fwd for backhaul link at least including
· Number of supported beam (e.g., 1 as fixed beam, more than 1 as adaptive) 
· Characteristic of Beam at NCR-Fwd for access link at least including 
· Number of supported beams, number of simultaneously operated beam, 
· Beam type (i.e., defined according to beam width), Beam arrangement (i.e., spatial relationship between different beam types)




For the beam of backhaul link, the NCR should report which kind of beamforming is supported, fixed beam or the adaptive beam. For the beams of the access link, the number of supported beams, beam type and beam arrangement could be supported. The access beam number could facilitate the beam management and beam indication of gNB for the data forwarding. At least a set of wide beams should be reported to gNB which would be used for the basic coverage of NCR. Those wide beams could be used to forwarding the SSBs and PRACHs for UE’s initial access through NCR. And narrow beams which could be considered as an advanced function could be used to forward the UE specific channels and signals. The beam arrangement could be used to set up a relationship between the wide beams and narrow beams. The simultaneously operated beams could be considered as an advanced feature too. When the NCR forwarding the DL channels and signals, the NCR could simultaneously transmit the same channels and signals through two DL access beams. But in the uplink, the behavior of NCR is not clear. Whether the NCR could combine the uplink signals received from the two access beams or only one beam would work in the uplink at a time needs more discussion. The behavior of multiple simultaneous operated beams could be discussed later when basic behavior of TDM operated access beam is clear. 

Proposal 5:
For the access beam, the number of supported beams, beam types and the beam arrangement could be supported for the NCR capability reporting.

As in the legacy beam management mechanisms, both SSB and CSI-RS could be considered for the backhaul link and access link beam management. Compared with SSB, CSI-RS have more flexibility for the transmission direction. The CSI-RS could be directly transmitted to the NCR using the best directions as in Figure 5. But the SSBs are more limited in the transmission directions, since the SSBs have to be pointed to different directions to provide a basic coverage for the UEs. The NCR has to use a proper receiving beam for the reception of each SSB as in Figure 4. The NCR should report at least how many beams are used for the access link to provide a basic coverage. Then the gNB could configure the SSB or CSI-RS for the NCR to forward and facilitate the UE measurements. 
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[bookmark: _Ref110701312]Figure 4 Beam management based on SSB
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[bookmark: _Ref110701304]Figure 5 beam management based on CSI-RS

Proposal 6: 
The NCR should report the number of beams that could provide a basic coverage for the access UE to facilitate the configuration of gNB for beam management.

It was discussed in the SI phase that there should be a limitation for the maximum supported access beams of NCR. The motivation is that when some of SSBs are dedicated for the NCR forwarding, the number of SSBs used for the normal UE connected directly to the gNB would be impacted. This issue could be discussed in a later phase, since it has less impact to the system design. 

Proposal 7:
The maximum number of beams configured for NCR-Fwd access link could be discussed in a later phase.

Beams indication and determination

For the dynamic and semi-static beam indication, as we discussed in the part of resource indication for NCR or ON-OFF information, the beam indication could be combined with the indication of forwarding occasions. For some RRC configured semi-static time domain resources, they are used for periodical signals and channels forwarding. Those signals should be also indicated with an NCR AC beam through which they will be sent out. And for the dynamic indicated data forwarding for NCR-Fwd, it also needed a time domain resource information and an AC beam indication. 

Proposal 8:
Both semi-static and dynamic beam indication of AC link of NCR-Fwd could be combined with time domain resource indication of NCR for forwarding or the ON-OFF information. 

The same TCI-states as C-link are assumed for beam at NCR-Fwd for backhaul link, when the NCR-MT’s carrier(s) is within the set of carriers forwarded by the NCR-Fwd. When the NCR-MT and NCR-Fwd works in the same band or carries, the TCI states of C-link could be reused for BH link. But it is not necessary that C-link and BH link always share a same TCI state or beam. The beam management of the C-link could follow current procedure of beam management for normal UEs. And the TCI-state indication could be reused for NCR-MT with sufficient flexibility. For the backhaul link, there is no need to change the beam direction or the TCI states dynamically. The BH link requires for high reliability for connection and high SINR for throughput. If there is a blockage, the BH link should be adaptive to change for other candidate beams for connection. And the beam of BH link should try to maintain in a long period, which will benefit to the channel estimation and higher throughput. 

Besides, the interference situation of NCR-Fwd BH link is different from that of NCR-MT. The NCR-Fwd should receive the signal from one side, amplified and transmit it from the other side. Due to the internal delay of the process is in a nano second level, it is possible that the NCR-Fwd transmitting could interfere the NCR-Fwd receiving. As illustrated in the Figure 2 below, the DL data is transmitted from gNB to NCR through the BH link. In the AC link, the data is forwarded to the UE. But it is possible that the transmission signal of NCR-Fwd AC link could be reflected and received by the NCR-Fwd receivers. Then the BH link is interfered by the AC link beams. On the other side, the situation of C-link is different. Since NCR-MT does not need to forward the side control information to other UEs. There is no transmitting of the NCR when it is receiving. There is no self-interference between AC link and C-link. Thus beams of C-link may not be the best for the BH link. In addition, the side control information may not be delivered with data forwarding at the same time, as in Figure 3. Then the BH link has no need to use exactly the same beam of the C-link. 
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[bookmark: _Ref110701335]Figure 2 The illustration of self-interference of NCR-Fwd
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[bookmark: _Ref110701327]Figure 3 The multiplexing of side control information and data forwarding

Proposal 9:
The BH link does not need to use the same beam as C-link, considering the interference issue and BH link and C-link may not transmit in the same time.

As discussed above, the self-interference is possible to happen when the data is forwarded by NCR-Fwd. The self-interference issue should be considered for the beam determination and indication of BH link. 

Proposal 10:
The self-interference issue should be considered for the beam determination and indication of BH link. 

In the last RAN1 meeting, the mechanisms for the beam indication of BH link was discussed. Two options are presented. One is indicating the beam of BH link with a new signalling. And the 2nd option is to determine the beam of BH link in a predefined rule. As we discussed above, when the C-link and BH link work at the same time, the same beam should be applied to both C-link and BH link. But if they work in a separate slot, there is no need to bundle the C-link and BH link in a same beam. If the beam of BH link has to follow one of the beams configured for the C-link, the gNB scheduler should consider not only the transmission of C-link itself, it should also consider the impact to the BH link. This will complicate the design of the gNB scheduler. The NCR-MT could be considered as a normal UE working with other UE in the cell. And it happens that, the transmission to the NCR-MT could be multiplexed with other UEs, including both PDCCH, PDSCH and others. The gNB scheduler could choose the beam for the C-link flexibly considering the multiplexing situation. But this beam may not work properly for the BH link and the NCR forwarding. Our understanding is that the beam of BH link could be indicated separately from that of C-link. When the C-link and BH link work at the same time, the indications of beam should be the same beam, which is controllable for gNB. And both semi-static and dynamic signallings should be supported for the BH link. 

Proposal 11:
The beam of BH link is indicated by a new signalling, i.e. the Option 1 is supported. 

 Beam management for initial access

As the NCR is transparent to the UEs, if a UE want to access the gNB, the NCR should be able to forward the SSB to the access UE and could also forward the PRACH from the UE to the gNB in the proper uplink slots to accomplish the initial access procedure. Unlike the CSI-RS, the beams of SSB from gNB are relatively fixed and pointing to different directions to provide a basic coverage. 

Two schemes could be considered for NCR to provide qualified SSBs to the access UEs. The 1st one is as illustrated in Figure 6. The NCR detects the best or qualified SSBs which will be forwarded for the access links. This scheme has less impact to the configuration of gNB or network planning. But the power of the forwarded SSBs varies due to that they are received from different directions and using various receiving beams. But after the synchronization and initial access, the gNB can still use the best beam for CSI-RS and Data forwarding. The 2nd scheme is that the gNB pre-allocates some SSBs from the maximum 64 SSBs for NCR. And those SSBs are transmitted using a same beam or in a same direction at the backhaul link, as illustrated in Figure 7. And at the access link, the NCR would forward the SSBs to the different directions. This scheme could provide the SSBs with similar power. But this scheme requires to add or change the SSB beams of the gNB if a new NCR is introduced. If all the NCR use different SSBs or different SSB indexes, the number of NCR that could be introduced to the gNB is limited. And this also impacts the number of SSBs used by gNB directly serving the UEs. In the practical procedure of network planning and operation, it will bring a large amount of additional workload if we have to update the configuration of gNB to change the SSB pattern every time when a new NCR is introduced. 
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[bookmark: _Ref110701260]Figure 6 Scheme 1 using different BH beams
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[bookmark: _Ref110701242]Figure 7 Scheme 2 using a same backhaul beam
Both schemes have its own advantages and drawbacks. The Scheme 1 is easy to deployed and without impact to the gNB’s configuration. But the power strength of the forwarded SSBs are not even. And if the number of the qualified SSBs is small, the NCR coverage would be loss due to not enough qualified SSBs could be forwarded for the access link. The advantage of the Scheme 2 is that the forwarded SSBs have a similar transmit power. But the total number of NCR under one gNB is limited. And the updating of gNB’s configuration for SSB allocation or SSB pattern updates will bring additional work load in the practice. Both schemes have their own using scenarios and should be considered in the following studies. 

Proposal 12: 
Both schemes have their own usage scenarios and should be considered in the following studies.
· Scheme 1: The NCR only forwarded the qualified SSBs without the change of SSB beams at gNB.
· Scheme 2: A set of SSBs are allocated for NCR using a same directional backhaul link. 

Timing information to facilitate the gNB’s configurations

	Agreement
For the timing of NCR, the following assumption is considered as baseline:
· The DL receiving timing of the NCR-Fwd is aligned with the DL receiving timing of the NCR-MT.
· The UL transmitting timing of the NCR-Fwd is aligned with the UL transmitting timing of the NCR-MT.
· FFS: the impact of internal delay on the following timing relationships:
· The DL receiving timing and DL transmitting timing of the NCR-Fwd
· The UL transmitting timing and UL receiving timing of the NCR-Fwd

Agreement
For the timing of NCR, the following assumption is captured into TR 38.867.
· The DL transmitting timing of the NCR-Fwd is delayed after the DL receiving timing of the NCR-MT (or the NCR-Fwd) by the internal delay; 
· The UL receiving timing of the NCR-Fwd is advanced before the UL transmitting timing of the NCR-MT (or the NCR-Fwd) by the internal delay. 

Agreement
Update the agreement achieved in RAN1#109e as follows:
For the signaling of the side control information of timing to align transmission / reception boundaries, new signaling may be is unnecessary.
· FFS: the impact of internal delay

Conclusion
Legacy UE mechanism is sufficient to achieve DL/UL timing for NCR-MT




The timing of NCR-Fwd for both transmitting and receiving in uplink and downlink is clearly defined based on the agreements above. And since the NCR-MT can acquire the DL and UL timing as legacy UE, there is no need to further define the side control signaling for the timing of data forwarding. Both the internal delay for the downlink and uplink forwarding could be considered as part of the propagation delays. The internal delay of downlink data forwarding would impact the receiving time of access UE. And the internal delay of uplink forwarding would be considered as part of propagation delay in the uplink and counted in the TA values. Since separate RF chains would be used for uplink and downlink data forwarding within the NCR, different internal delays would be induced. As the internal delay could be considered as the parts of the propagation delay, it will impact the guard period between downlink and uplink slots at gNB side, and also the TAs which are used for the access UE’s under the NCR. The internal delays of uplink and downlink should be reported to the gNB for the determination of GP and TA. 

Observation 2:
The internal delay of UL and DL forwarding at NCR-Fwd could be considered as the part of the propagation delay. 

Proposal 13:
The internal delays for both uplink and downlink forwarding should be reported to the gNB to facilitate the determination of GP and TA.


UL-DL TDD operation

It was proposed to specify the signalling and behavior of NCR for the UL-DL TDD operations. In the previous meetings, the following agreements have been achieved.

	Agreement
For the TDD UL/DL configuration of network controller repeater:
· At least semi-static TDD UL/DL configuration is needed for network-controlled repeater for links including C-link, backhaul link and access link.
· FFS: handling of flexible symbols
· Note1: The same TDD UL/DL configuration is always assumed for backhaul link and access link
· Note2: The same TDD UL/DL configuration is assumed for C-link and backhaul link and access link if NCR-MT and NCR-Fwd are in the same frequency band.

Agreement
For the signaling of information on UL-DL TDD configuration, if the NCR-MT can acquire the TDD configuration as legacy UEs or from the OAM, new signaling may not be necessary.
· Note 1: The same TDD UL/DL configuration is assumed for C-link and backhaul link and access link if the NCR-MT and the NCR-Fwd are in the same frequency band.
· FFS: Other cases where new signaling may be necessary.

Agreement
For the flexible symbol based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), following options are considered for the NCR-Fwd on these symbols
· Option 1: The NCR-Fwd is expected to be OFF or not forwarding over these symbols
· Option 2: The NCR-Fwd will follow the TDD operation determined by NCR-MT, i.e., determined by NCR-MT based on the received SFI indication or scheduling from gNB 
· Note: It means that no new side control signalling is needed.
· Option 3: The NCR-Fwd will follow a new dynamic side control signalling of DL/UL forwarding over these symbols to NCR-Fwd




It is common understanding that the NCR-MT could work as legacy UE to acquire the TDD configurations from the gNB. And if the NCR-MT and NCR-Fwd are in the same frequency band, the same TDD UL/DL configuration is assumed for C-link, backhaul link and access link. Then no additional UL-DL TDD configurations are needed for the NCR. 

Proposal 14:
The NCR-MT could work as legacy UE to acquire the TDD configuration from the gNB. The legacy TDD configurations could be reused for the NCR. 

Three options were discussed in the last meeting for the NCR’s behaviour over the flexible symbols. Option 1 will not allow the NCR to forward the data over the flexible symbols. This option strictly limited the forwarding behavior of both gNB and UEs. In the legacy behavior, the uplink or downlink transmission over the flexible symbol could be determined by the RRC configuration, SFI indications, and the actual transmissions scheduled by the gNB. When a PDCCH monitoring or PUCCH transmission is configured over the flexible symbols, then the flexible symbols will be operated as downlink or uplink. And if a PDSCH or a PUSCH is scheduled over the flexible symbols, then the flexible symbols could be considered as downlink or uplink. Since the gNB and UEs have such a specified behavior, there is no need to limit it due to the introduction of NCR. 

Observation 3:
The option 1 which does not allow the NCR to forwarding over the flexible symbols will also limit the behavior of access UE and gNB not to use the flexible symbols. 

Option 2 are compatible to the legacy gNB and UE behavior over the flexible symbols. But the option 2 will introduce additional process that the MT has to first interpret the indication or the configuration over the flexible symbols which could be a RRC configuration, or DL or UL scheduling, and then determine the whether a downlink or uplink forwarding is needed. And the gNB and MT should both first determine this configuration or indication is for MT itself or targeted for the NCR-forwarding. Additional interpretation or process would be needed, which will increase the complexity of both MT part and the scheduler of gNB. And SFI is still an optional feature which may not be supported by all the UE chips, which put additional requirement for the chip of NCR-MT. 

Observation 4:
The option 2 would increase the complexity of both gNB scheduler and NCR-MT compared with direct indications over the flexible symbols.

Option 3 is similar to the option 1. But within the option 3, a direction indication of uplink or downlink is sent to the NCR-MT. The NCR-MT does not need to interpret and distinguish the indication is for MT’s transmission or is for the NCR-fwd. If a long-term determination of uplink or downlink over the flexible symbols is needed, the TDD dedicated configuration could be used for NCR-MT. And if a short-term determination over the flexible symbols is needed, a dedicated signalling for NCR-fwd is more straightforward. The gNB has all the uplink and downlink information and a dedicated indication could reduce the complexity of gNB’s scheduler. In addition, the option 3 does not require the chipset vendors to realize the function of SFI indication if they have not done that. 

Proposal 15:
Option 3, which introduces a dedicated indication targeted for the uplink and downlink forwarding, is preferred. 

From our understanding, currently most flexible symbols in the real deployments are used as guard symbols. The dynamic uplink and downlink is not really introduced at least for the majority networks. And the motivation to introduce dynamic uplink or downlink forwarding and the use of flexible symbols are also not strong. Since the indication of ON-OFF should be introduced, gNB could configure or indicate the NCR working in the RRC configured uplink or downlink symbols only. The necessity for the uplink or downlink forwarding over flexible symbols is also not that strong. 

Observation 5:
The gNB could configure or indicate the NCR working on the RRC configured uplink or downlink symbols only through the on-off indication. The indication of uplink and downlink forwarding over the flexible symbols is also not that strong. 

ON-OFF information 

The ON-OFF information is recommended in the last meeting. The detailed agreements are as follows,
	[bookmark: _Hlk115114314]
Agreement
ON-OFF information is beneficial and recommended for network-controlled repeater to control the behaviour of NCR-Fwd.
· FFS: Detailed mechanism of ON-OFF indication and determination
· FFS: explicit indication or implicit indication of ON-OFF information

Agreement
The following options can be considered to indicate the ON-OFF information from gNB to NCR for controlling the behaviour of NCR-Fwd:
· Option 1: Explicit indication with on-off state (e.g., via dynamic or semi-static signalling) or on-off pattern (e.g., periodic/semi-static ON-OFF pattern or new DRX-like pattern for ON-OFF)
· Option 2: Implicit indication via the signalling for other information (e.g., beam, DL/UL configuration, or PC information)
· Note: This example does not imply that PC information is necessary or not.
· Other solutions (e.g., potential combination of explicit and implication solution) can be further discussed.

Agreement
For indication of NCR-Fwd ON-OFF for efficient interference management and improved energy efficiency, both dynamic and semi-static indication can be considered 
· FFS: RAN1 to consider whether/how to handle the forwarding of broadcast and cell-specific signals/channels.

Agreement
The NCR-Fwd is always expected to be “OFF” unless otherwise explicitly or implicitly indicated by gNB.
· Note-1: This applies to the case regardless of the RRC state of NCR-MT.
· Note-2: Indication (e.g., received when NCR-MT in RRC-connected) or DRX state of NCR-MT to control the ON-OFF behaviour of NCR-Fwd when the NCR-MT is in RRC-idle/inactive is not precluded.
The above is not meant to imply any signalling design for NCR-Fwd ON-OFF.




From our understanding, the on-off information should be at least the time domain resources that allocated or indicated by gNB to NCR for amplifying and forwarding. On the indicated time domain resources, the NCR-Fwd are considered as ON and forwarding the channel and signals between gNB and UEs. The other time domain resources which are not configured or indicated, the NCR-Fwd is OFF, as agreed in the previous meeting. 

From the operation point, a semi-static configuration of on-off pattern should be supported for the basic communication between the gNB and access UEs. During the semi-static configured ON resources, the NCR could forward the periodic signals and channels to the access UEs, such as SIB information, SSB and periodic CSI-RS for initial access and measurements. And in the uplink, the NCR could also forward the periodic signals and channels from UEs, such as SRS, PUCCHs and RACH occasions. Additional time domain resources could be configured for the data forwarding. 

As discussed above, the gNB could configure the time domain resources that carrying the broadcast and cell-specific signals/channels as On. And the NCR-Fwd would forward those signals and channels to the access UEs. There is no need for NCR-MT to read or first to interpret the content of those signals/channels and then determine whether to forwarding them. An RRC configuration of the forwarding time domain resources from gNB is straightforward and efficient. Whether the NCR-MT needs to decode or measure the channels and signals depends on the gNB’s configuration as legacy UEs. Since SSBs are carried in 4 symbols and the PDSCH and PUSCH are usually scheduled in slots, both symbol-level and slot-level on-off configuration and indication should be supported. 

Proposal 16:
The time domain resources carrying the broadcast and cell-specific signals could be indicated through the RRC configurations of ON-OFF state by gNB. 

Proposal 17:
Both symbol-level and slot-level on-off configurations and indications should be supported.

If the semi-static configured time domain resources for forwarding cannot satisfy the traffic requirement, additional resources could be indicated through the dynamic indications. Both semi-static configured and dynamically indicated On state or the time domain resources should be supported for NCR forwarding. For both semi-static or dynamically indicated forwarding occasions, the beam of AC-link of NCR-Fwd should be indicated.

Proposal 18:
Both semi-static configured and dynamically indicated On state or the time domain resources should be supported for NCR forwarding.

Between the explicit implicit indication of the on-off state, the explicit indication and configuration (Option 1) is preferred. In the implicit indications, the time domain resources which will be used for NCR forwarding anyway will be indicated.

Proposal 19:
The Option 1, explicit indication with on-off state or on-off patten is preferred. 

Power control information 

In the RAN1#109e, the observation of the power control performance are captured in the TR. And the controlling of the amplifying gain is agreed to be considered. The details of the agreements are as follows,

	Agreement
Recommend to capture the following observation in TR 38.867:
· The benefits of power information used to control the behavior of NCR-Fwd for the DL of access link and/or UL of backhaul link are observed by the following inputs:
· [Source-1, Huawei] shows that for the uplink transmission via NCR, a fixed NCR amplifying gain may lead to interference to the gNB or NCR UL coverage loss. For the downlink transmission via NCR, a fixed NCR amplifying gain may lead to NCR RU saturation or NCR DL coverage loss.
· [Source-2, vivo] shows that the optimal system performance can be achieved when repeater’s gain is set to a proper value.
· [Source-3, ETRI] shows that dynamic repeater gain/power control can provide additional SINR gain over semi-static repeater gain/power configuration.
· [Source-4, Ericsson] mentions that the gain control is needed for self-interference management due to repeater oscillation.
· This agreement does not change the prioritization of PC
 
Agreement
The controlling of the amplifying gain of NCR-Fwd is considered to enable the power control of NCR-Fwd if PC is recommended as side control information for NCR in Rel-18
· FFS: Controlling of the transmission power of NCR-Fwd




The side control information of power control is not recommended due to the controversial views, though the performance gains were observed from companies’ evaluations. The discussion of the power control in the SI focused on the interference management. But one basic function of the power control or gain control is neglected that NCR forwarding at least for the uplink should be set in a proper amplifying gain to compensate the PL between gNB and NCR. A proper uplink amplifying gain enables that the uplink forwarding could be multiplexed with other normal UEs’ uplink transmission, which provide additional flexibility for the scheduling and increase the efficiency of the frequency domain resources. Without the specification work of the power control of NCR forwarding, the uplink transmission power or gain of NCR forwarding would be depends on the implementation. It may complicate the design of the NCR forwarding for the uplink, which would also bring challenges and additional efforts for the inter-operation between gNB and NCRs from different vendors. If the time is allowed, it is proposed to considered to specify the power control of NCR forwarding for the pathloss compensation in the normative work. On the other side, a semi-static configured power or gain control could be considered for the NCR forwarding in the downlink based on the capability reporting of the NCR.

Observation 6:
A proper uplink amplifying gain enables that the uplink forwarding could be multiplexed with other normal UEs’ uplink transmission, which provide additional flexibility for the scheduling and increase the efficiency of the frequency domain resources.

Proposal 20:
It is proposed to consider to specify the power control of NCR forwarding in the uplink to compensate the pathloss between gNB and NCR.

Proposal 21:
A semi-static configured power or gain control could be considered for the NCR forwarding in the downlink based on the capability reporting of the NCR.

Conclusions
In this contribution, we provide our views on the signalling and behavior of beamforming, UL-DL TDD operation and ON-OFF information. The observations and proposals are as below.

Observation 1:
The gNB should be capable of distinguish which mechanism, fixed beams or adaptive beams, is adopted by NCR.

Observation 2:
The internal delay of UL and DL forwarding at NCR-Fwd could be considered as the part of the propagation delay. 

Observation 3:
The option 1 which does not allow the NCR to forwarding over the flexible symbols will also limit the behavior of access UE and gNB not to use the flexible symbols. 

Observation 4:
The option 2 would increase the complexity of both gNB scheduler and NCR-MT compared with direct indications over the flexible symbols.

Observation 5:
The gNB could configure or indicate the NCR working on the RRC configured uplink or downlink symbols only through the on-off indication. The indication of uplink and downlink forwarding over the flexible symbols is also not that strong. 

Observation 6:
A proper uplink amplifying gain enables that the uplink forwarding could be multiplexed with other normal UEs’ uplink transmission, which provide additional flexibility for the scheduling and increase the efficiency of the frequency domain resources.


Proposal 1:
The protocol stacks of the MT part of NCR should contain RRC, MAC and physical layer to support the semi-static configurations and dynamic indications and feedbacks. 

Proposal 2:
Beamforming should be also supported for FR1 NCR.

Proposal 3：
The same mechanism of beam indication could be reused for FR1 NCR as that of FR2. 

Proposal 4:
Fixed beam or adaptive beam is adopted by NCR can be reported to gNB.

Proposal 5:
For the access beam, the number of supported beams, beam types and the beam arrangement could be supported for the NCR capability reporting.

Proposal 6: 
The NCR should report the number of beams that could provide a basic coverage for the access UE to facilitate the configuration of gNB for beam management.

Proposal 7:
The maximum number of beams configured for NCR-Fwd access link could be discussed in a later phase.

Proposal 8:
Both semi-static and dynamic beam indication of AC link of NCR-Fwd could be combined with time domain resource indication of NCR for forwarding or the ON-OFF information. 

Proposal 9:
The BH link does not need to use the same beam as C-link, considering the interference issue and BH link and C-link may not transmit in the same time.

Proposal 10:
The self-interference issue should be considered for the beam determination and indication of BH link. 

Proposal 11:
The beam of BH link is indicated by a new signalling, i.e. the Option 1 is supported. 

Proposal 12: 
Both schemes have their own usage scenarios and should be considered in the following studies.
· Scheme 1: The NCR only forwarded the qualified SSBs without the change of SSB beams at gNB.
· Scheme 2: A set of SSBs are allocated for NCR using a same directional backhaul link. 

Proposal 13:
The internal delays for both uplink and downlink forwarding should be reported to the gNB to facilitate the determination of GP and TA.

Proposal 14:
The NCR-MT could work as legacy UE to acquire the TDD configuration from the gNB. The legacy TDD configurations could be reused for the NCR. 

Proposal 15:
Option 3, which introduces a dedicated indication targeted for the uplink and downlink forwarding, is preferred. 

Proposal 16:
The time domain resources carrying the broadcast and cell-specific signals could be indicated through the RRC configurations of ON-OFF state by gNB. 

Proposal 17:
Both symbol-level and slot-level on-off configurations and indications should be supported.

Proposal 18:
Both semi-static configured and dynamically indicated On state or the time domain resources should be supported for NCR forwarding.

Proposal 19:
The Option 1, explicit indication with on-off state or on-off patten is preferred. 

Proposal 20:
It is proposed to consider to specify the power control of NCR forwarding in the uplink to compensate the pathloss between gNB and NCR.

Proposal 21:
A semi-static configured power or gain control could be considered for the NCR forwarding in the downlink based on the capability reporting of the NCR.
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Annex
The agreements related to the beamforming is listed below for reference.

	Agreement
Both the dynamic indication and semi-static indication can be considered for the beam of access link for NCR-Fwd.
· FFS: the details of each indication
· FFS: the maximum number of beams configured for NCR-Fwd access link

Agreement
Capture the following assumption of network-controlled repeater in TR 38.867.
· As baseline, same large-scale properties of the channel, i.e., channel properties in Type-A and Type-D (if applicable), are expected to be experienced by C-link and backhaul link (at least when the NCR-MT and NCR-Fwd operating in same carrier). 

Agreement
As baseline, the same TCI states as C-link are assumed for beam at NCR-Fwd for backhaul link if the NCR-MT’s carrier(s) is within the set of carriers forwarded by the NCR-Fwd.
· FFS: additional indication from gNB to determine the beam at NCR-Fwd for backhaul link or implicit determination of the beam at NCR-Fwd for backhaul link 
Note: the same assumption of the beam correspondence is applied for DL/UL of the backhaul link at NCR-Fwd as the DL/UL of the C-link at NCR-MT.

Agreement
From the perspective of signaling design, following mechanisms can be considered for the access link beamforming of the NCR-Fwd. 
· Option #2-1: Dynamic beam indication only
· Option #2-2: Semi-static beam indication only
· Option #2-3: Dynamic beam indication and semi-static beam indication

Agreement
In the access link beam indication, an access link beam can be indicated by:
· Option 1: A beam index
· FFS: How to indicate the corresponding time domain resource of the beam. 
· Option 2: An index of a source RS (e.g. a TCI-like indicator)
· FFS: The definition of the source RS. 
· FFS: How to indicate the corresponding time domain resource of the beam.
· FFS: The definition of the association between the source RS and the beam.
· Note: The above does not imply that the NCR can or cannot generate and transmit reference signals to a UE or receive and process reference signals from a UE.
RAN1 to select one of the two options, combine the two options, or select both options in RAN1#110

Agreement
The time at which the NCR applies an access link beam indication should be considered.
 
Agreement
As for the time-domain granularity of the access link beam indication, one or both of the following options can be considered:
· Option 1: slot-level
· Option 2: symbol-level
· FFS: The details of indication signaling

Agreement
Both slot-level and symbol-level granularity are recommended for the time-domain resource indication and determination of the access link beam.

Agreement
The time domain resource corresponding to an access link beam can be determined with following options:
· Option 1: Explicit determination based on the explicitly indicated the time domain resources per beam indication
Note-1: Different parameters may be indicated for semi-static or dynamic beam indication
Note 2: One or multiple beams can be indicated via single beam indication.

Agreement
Beam index is used to indicate an access link beam (Option 1) 

Working Assumption
In access link, a DL beam and a UL beam which are correspondent with each other have the same beam index.
· The forwarding direction of an indicated beam in access link can be determined based on its corresponding time domain resource and the UL/DL TDD configuration.
· Note: The forwarding behavior (or the forwarding direction) of an indicated beam in access link in flexible symbols is separately discussed in 9.8.1.

[bookmark: _Hlk115169214]Agreement
In case that adaptive beams are adopted for C-link and backhaul link, the following mechanisms can be considered for the indication and determination of beams of backhaul link:
· Option 1: The beam of backhaul link is indicated by a new signaling.
· The new signaling is dynamic signaling and/or semi-static signaling (e.g., RRC signaling/ MAC CE) indicating a beam(s) from the set of beams of the C-link
· This does not imply that the beam of backhaul link is always indicated by the new signaling
· Option 2: The beam of backhaul link is determined by a pre-defined rule.
· In slots/symbols with simultaneous DL receptions / UL transmissions in both C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link. Otherwise, the beam of backhaul link follows one of the beams of the C link.
· Other predefined rules are not precluded
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